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The AEV Project: Lab Overview

Introduction

The Advance Energy Vehicle (AEV) design project is aliased project that introduces
concepts of project management and teamwork, the design process, and project
documentation.AE\S are small (<500 grams), autonomous, electric mqiowered, propeller
driven vehicles that are suspended from and maneuver a@mngpnorail track systems hung
from the laboratory ceilingssee Figurel for example The AE structure is constructed with
components provided in a lab kit which includes fabricated PVC sheet structure, monoralil
wheels, electric motor(s), propeller(s) and ardhiouse built AEVAutonomous Control System
with externally mounted and adaptabkensors for feedack control. AEVs are designed based
on a series of labs and performance tests that utilize wind tunnels and cover topics such as
electric motor and aHbreathing propulsion performance, system efficiency, automatic control
programming, ad energy management in completing the operational objectives provided.

Figurel: AEV Example (Nightawk)

Lab Objectives

The AEV design project consist of three main objectives:

1. Project Management and TeamworkProjectmanagementand teamworkthroughout
the design process is regularly evaluated by requiring an updated project portfolio and
team working agreement. Each team tracks and manages the dbsilgh project
through portfolio records that contain initial conceptgrainstorming notes, delegation
of tasks, laboratory team executive summaries and memos, and weekly performance
test summaries. The final AEV designs are evaluated during individual competitions and
scored based on performance and design criteria. Atethe of the project a final report

8



ADVANCED ENERGY VEHICLE

is submitted anda PowerPoint presentatiomns developedo presentthe teama Q @2 NJ
the class.

2. Design ProcessThe design process consists of the following:
a. ldentifying the project requirements and constraints.

Gatheing background information.

Brainstorming initial concepts.

Identification of management of materials.

Preliminary analysis and initial design.

The build/test/modify/document cycle.

-0 a0o

A schematic of the AEV process is showriguire2

AEV Project Objective
(Problem Definition)

U

INITIAL CONCEPTS
(Brainstorming)

U

EXPERIMENTAL RESEARCH

(Programming) (System Analysis)

N

/ ANALYZE
PT 1
PT 2 DESIGN

[ COMPARE ] PT3 [ DECISION ]
PT 4

N e

FINAL DESIGN Gmmmmmmee

N

Present AEV Design

Figure2: AEV DesigRrocess
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3. Project Documentatiort Project documentation for the AEV design project includes
three parts:

a. Project Portfolio- The team shall maintainnaelectronicproject portfolio and
keep a complete record of the work that the team has done to create the final
AEV product. The projegtortfolio should include all related documentation
from the beginning of the semester until the completion of the prj

b. Midterm and final written report The team will provide a preliminary (midterm)
and critical (final) design review of all aspectshe design process.

c. Oral Presentation The team will develop and give a PowerPoint presentation of
the AEV design experience.

AEV Showcase (Spring Semester Qnlij)e AEV showcase is an event where teams from all
different classes can display theiovk and be judged for various engineering design awards.

Tablel: Important Acronyms

Acronym Meaning Definition

Small, Autonomous, electric, motor

AEV Advance Energy Vehicle . .
9y powered, propellerdriven vehicle
" : . End of semester progress report
CDR CriticalDesign Review . P g P
summarizing the entire semester
. . [ L6 ljdzal G2 GSai
LP Lab Proficiency Quiz .
Q yQ everything AEV
. . It specifies the mission objectives and
MCR Mission Concept Review p_ - J
detailed specifics
. . . Midterm progress report summarizing
PDR Preliminary Design Review : .
the AEV design up until Lab 08
The labs postLPQ in which students
PT Performance Test P Q

have one task to complete per week

Small memo document to describe the
TRR Test Readiness Review $SS1Qa 2R FyR K
distributed amongst the team

10
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Lab Safety Rules

The guidelines that must be followed at all times in the lab are as follows:

1.

NogakwhN

8.

9.

ALWAYS get circuit and program verified by instructistedf prior to plugging in the
power.

52 y20 aidlyR Ay (KS LINRLIStfSNDa LIXIyS 27F
Do not put your finger in the propeller

No dangling jewelry or loose clothes.

b2 W2LISY Q -tée&shdesobbonts 0Bl S

No climbing or standing on chairs obtes.

Be aware of sharp corners and edges which may exist on tables or on apparatus and
tools.

Always know the location of the phone and of the fiasd Kit.

Report to the instructor ALL injuries occurring during lab.

10.ALWAYS FOLLOW RROPERESTINBROCEDURE

Failure to follow these rules and guidelines may result in losing lab privilege with loss in lab
participation grade for the course.

11



ADVANCED ENERGY VEHICLE

TestingProcedure

The following outlines the testing procedure for AEV operation on the track to minimize the
potential of damaging the AEV, AEV components, and YOU.

AEV Desktofrack Setup and Controller Software Confirmation

)l
T
T

l

Each AEV must demonstrate propealdnce on the desktop track with the AEV cerdér
gravity in between and directly below the two monorail track wheels.

The vertical support arm must be equal to or less than 6 inches from the monorail track.

IF major changes are made to the AEV Contr8itdtware in between runs, confirmation of
the desired programmed power control must be checked statically on the desktop track
prior to testing on the classroom track.

The AEV power must be off when transferring AEV from the desktop to the classroom track

AEV Classrootmack Testing Procedure

1.

HwnN

©oNo O

AEV power OFF.

A team member must be at each station.

Teammate #1 takes the AEV to tBeginning/Starting Point

All other teammates must be at their designated stations and be prepared to stop the AEV if
it does rot pass the required operation procedure in designated location.*

Inform classmates (if in operational area) that AEV operation is going to start.

Teammate #1 sets AEV on the monorail track and turns AEV power on.

Receive confirmation from all other Teamtes that they are ready.

Begin AEV operation by pressing the AEV Automatic Control System start button.

*The Teammate must place their hand above the track at of the designated stopping area.

AEV Operation Pass/Fail Conditions

T

T

If the AEV stops withinhe designated stopping area, the vehicle passes the required
operation stopping procedure.

If the AEV stops prior to the designated stopping area the AEV does not pass and MUST be
AG2LIISR 6@ ANIO6O6AY3T GKS 19+0a Y2y 2NIF Af (NI O]
If the AEV continues tbugh the designated stopping area (without stopping at all), ta& A

a!{¢ o06S al2LIISR o6& 3INIoO6oAYy3d (KS 19+Qa Y2y 2NI
stopand turning the power switch off

12
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Lab Calendar

20152016 AEWProject Schedul€éEngineering 1182 / 1188)

Points  Assigned
Topic No. Title Available  Date Due Date
Labs 1 Creative Design Thinking 80 Lab 01 Lab 02
2 Programming Basics 80 Lab 02 Lab 03
3 Concept Screening & Scoring 80 Lab 03 Lab 04
4  External Sensors 80 Lab 04 Lab 05
5 System Analysis 1 95 Lab 05 Lab 06
6 System Analysis 2 95 Lab 06 Lab 07
7 Design Analysis Tool 55 Lab @ Lab BA
8 Lab Profiiency Quiz (LPQ) 100 Lab @ Lab @
Test Readines: 1  Performance Test4TRR 55 Lab07 Lab08A
Reviews(TRR) 2  performance Test 2TRR 55 Lab08C  Lab09A
3 Performance Test 3TRR 55 Lab09C Lab DA
Performance 1 Performance Test 2Memo 100 Lab09A  LablOB
Test Memos 2 Performance Test 3Memo 100 Lab DA Lab 1B
Design 1 Prdiminary Design Review 200 Lab07 Lab09B
Reviews 2 Critical Design Review 200 Lab09A  Lab 2C
Final 1 Project Portfolio 100 Lab01 Lab 2C
Documentation 2 Oral Presentation Draft 25 Lab 07 Lab DC
3 Oral Presentation 100 Lab 07 Lab 2B/C
Quizes 1 Quizl 5 Lab 00 Lab 01
2 Quiz2 5 Lab 01 Lab 02
3 Quiz3 5 Lab 02 Lab 03
4 Quiz 4 5 Lab 03 Lab 04
5 Quizb5 5 Lab 04 Lab 05
6 Quiz6 5 Lab 05 Lab 06
Bonus 1 Bonus Video Part 1 50 Lab 00 Lab @
2 Bonus Video Part 2 200 Lab00 Lab1Z

* This schedule is subject to change based on instructor discretion

** See Course Syllabus to see grade percentagdglistribution

13
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Mission Concept RevigMCR)

Background

Thegalactic empiras rebuilding their army after the destruction of the Death Std@he rebel
alliance needs to prepare for war on remote planets to ensure that the galactic empire is
unaware of operations. Due to being on remote planets, power is very limitée. allance is
looking for a monorail network system to transport their R2D2 units which are constructed on
one side of the land to where the interceptor aircrafts are being assenthiedigh the means

of a green, energy efficient, and cost effective system. rnidezl for an energy efficient system,
like an Advance Energy Vehicle (AEV), is due tdo#se being located on aemote planet
where power is a luxury.

Mission Objectives

The scaled transpor\EVs will focus orenergy managementoperational efficiency and
operational consistency Energy used per mass of the AEV will be measured and recorded
during AEV operation. The goal is to successfully pick upelerprecious cargstored on a
caboosewhile meeting the operational requirements, dgs constraints and minimizing the
energy/mass ratio.Due to the planet being remote and unstable, the monorail may have slight
variations over time due to the planets shifting faults, therefdiee AEV should be not depend

on a specific track The AE\8houldhave operational consistency in which the AEV performs
consistently regardless of type of cargoargo should not fall off trackdr power supplies
(battery). As contractors, it is the goal to create a model scale AEV to perform the Scenario in
which the team will defend their final product to the rebel alliance (instructional staff:
LyadNHzOG2NE D¢! I | yR | cahdriedtv 9 £ XS5 @Rthd ABKNESY L.
Showcase (SPRING Semester 21g)to compete for prizes and the ovdlgoal of obtaining

the contract for construction of the AEV design

14
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Monorail Network Description
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The class is split up into four different rows which will use the specified section of the track (see
Figure3). The colored box represents the color section of the track as seeigume3. Tables

A-D will have the outside track on the right side of the stasm (facing the front of the
classroom) where tables-IEwill have the inside, right side of the track. Tablés$ Jill have

inside left side of the track and finally tablesROwill have outside left side. This layout is
subject to change based on ihnNHzO G 2 ND& RA&AONBiGA2Y YR GKS Of I &

AEV Operatiadl Requirements
The scaled transpoAEV mustcomplete the following scenario while minimizing the
energy/mass ratio. The team will only have half the track to utilizélThe scenario is the
followingand is highlightedn Figure4, Figure5, andFigure6:
1. Start at theDrop-off area(seeFigured) with the front wheel of the AEV just behind
Mark 1.
2. The AEV willraverse to the gatéo be checked in.

a. To successfully get through the gate the AEV must trip (pass by) the first sensor
only. This is the blue sensor kigure5. Once the sensor has been activated, it
takes the gate 7.0 seconds to open. If the AEV gets too close to the gate and trips
the red sensor the gate will lock and the AEV will not be granted permigsion
pass through the gate

3. Navigate to thecargo area (seEigureb).

4. Stop atthe cargo areaand pick upan R2D2 and wait 5.0 seconds to verify cargo is all
loaded.

5. Travelback to the gate

a. To successfully get through the gate the AEV must trip (pass by) the first sensor
only. This is the blue sensor kfigure5. Once the sensor has been activated, it
takes the gate 7.0 seconds to open. If the AEV gets too close to the gate and trips
the red sensor th gate will lock and the AEV will not be granted permission
pass through the gate

6. Traverse to the drojff area. To successfully complete the mission objective, both
wheels of the AEV must be betwestark 2 and the start poinfCargo dos not have to
be within these two marks.
Note: The scaled transpotAEV must complete the circuit within 2.5 minutes. The cargo is
fitted with a small magnet (se€igure6). There needs to be a clearance of a minimum of 2 x 2
inches between the magnet and the Arduino boarthe AEV must fit in the plastic bin that it
was issued in (the plastic wheel arms tendiscounted along with propellers).

16
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Cargo Specifications
Weight: 220+ 5 grams
Dimensions2.75x 7.5 x 5.5 inches (W x

L x H)
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ADVANCED ENERGY VEHICLE Lab 01: Creative Design Thinking

Lab01: Creativddesign Thinking

Objectives

1. Learn two techniques used for creative design thinking.
2. Become familiar with obstacles to creativity.

3. Become familiar with the components in the AEV Kkit.

4. Learn the basic of orthographic drawings.

5. Brainstorm on individual AEdncept sketches.

Lab Equipment

1. AEV desktop stand.
2. AEV kit

BackgroundCreative Design Thinking
Creativity according to the Merriah S6 a1 SNJ RAOGA2Y I NBE A& daGKS |
2ySQa 2NAIAYLIES AYIFIAYI GA TS o deryenev fuipdSds baNBra a A &

fulfillaneede 9y IAYSSNAR dzaS GKSANI ONBFdGA@AGe G2 3ISyS

The conceptualization of successful creativity consist of two procegd¢&enerating a useful
idea and 2) ommunicating the ideaGenerating a useful idea is usually achieved in two
different situations.
a. In the first situation, aneedexists and groductis developed to fill the need
b. Thesecond situation would be one in whidew technologygives rise to a newroduct
and then, a eed has to be createddften this can be done with successful marketing
and advertising, but it is always more risky than designing for an existing need.

There are sevetaways of communicating ideablany times people mistaken creative with
artistry becawse the artistry is an effective means of expressibine ability to draw or sketch
wellcanhelptoea A £ @ O2 Y Y dzy A OHolwever thasewvihitile ok ri® Srtistic @bility
shoul not be intimidated by desigiAD software and verbal descriptica® incredibly useful
tools and should not be overlooked.

Offering an aesthetically appealing product is also a large portion of helping to communicate
YR Ay FfdzSyOS GKS dzaSNRa FFG4uGNI OGAz2y G2 GKS
driving facbr in the success of a consumer product is the first step to arriving at a strong
market for a product.

Many sources provide information on how to become more creative. Some creativity aids
include

a. Study creative thinking techniques

b. Keep a daily jourrimotebook ¢ record everything, not just project related information.

20
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Indulgein relaxing activitiest KA & KSf LA G2 aaFNBESE 2y SQa
ideas.

o

d ¢ 1S LINIG Ay FOGAGAGASE 2 dzitsivdySmpariant i@y SQa

order to associate ideas from other applications
e. ReadwSI RAy3 Fff2g¢ga 2yS (G2 AyONBlIrasS 2ySQa

—h

g. Finally, exchanging and sharing ideas allows for the-ffoee of ideas. Often the
expression of different viewpoints helps to incite innovative ideas.

Y A

AYLE
1 51 ljdzSadAazyad |/ dzNISyaA Ry ONB2 dzB 52 pYSN S TR

Wdzad +Fa GKSNB INB Ylyeée gleéa G2 KStLI AYyONBlIas

that inhibit creativity. The list includes

Fear of criticism

Lack of confidence

bS3IIFGAGBS aiNBaada FNRY 2ySQa K2YS FyR 62NJ
Environmenal obstacles due to busy Idstyle, high pressure and hectic work
environment

e. Too much structure and rules thateate barriers and limits to the flow of ideas

f. Conflicting goals within

oo oe

These obstacles are often influenced by the environment, coworkers, or managemétitin

the teams it is very important to be aware of these obstacles and avoid them. There are many
techniques used throughout industry to generate, use and promote creative and innovative
ideas (i.e., drawing, construction, research and lateral thinking éibge are multiple other

ways to be creative. The team is welcomed to explore these other ways as they are defined in
the Appendix Ac Creative Design Thinking Techniqu@&svo techniques thawill be the focus in

this labare (1) brainstorming and (2) developing and keeping a project portfolio.

Brainstorming is typically thought of as generating as many ideas as possible in a
predetermined amount of tima. Because criticism and negatiatitudes inhibit creativity
during the concept generation phase, one should have established rules within the group that
prevent anyone from criticizing the ideas.

Though not all sources completely agree on how to Ipeeanore creative, a notebook of some

type is always involved in the process. The notebook should contains sketches and notes from

ARSIF& YR O2yO0SLIia (GKIFIG 2yS SyO2dzyiSNET Al
profession. The pages the notebook should be dated and it is a good idea to leave a few
pages in the beginning to add a table of conteritsr the AEV project, project portfolio will

0S dzaSR G2 GNXYO1l GKS GSFYyaQ LINRPINBaaz yz2aS

semester. Theproject portfolio will be done electronically that way the entire team has access
to update the progress the tan makes on the design project.
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ADVANCED ENERGY VEHICLE Lab 01: Creative Design Thinking

Lab Activity

For this lab each team member will need to print off orthographic drawing paper provided in
Additional information on Creative Design Thinking techniques are also availaap@émdix A
¢ Creative Design Thinking Technigasssupplemental material for this lab.

This lab activity entails Bimstorming ideas for amitial AEV design as a team.

1.

[Time Frame: 120 minutes]The first task is for each group member to independently
brainstorm on ideas of how the AEV should be designed/construdkedh group
member must complete a concept sketch in an orthographic view,Fsgere7. The
components used ithe AEV design should reflect the components provided in the AEV
kit and/or componentsthat can be used from outside of claBefore beginning to
brainstorm be sure to ndew the list of design considerations listed below.

. [Time Frame: 120 minutes]Now as a groupbrainstorm ideas of how the AEV should

be designed/constructed. Complete, as a group, a concept sketch in an orthographic
view, seeFigure7. Remember, the components used the AEV design should reflect

the components provided in the AEV.Ktomponents from a hobby store or 3D printed
can be usedBe sure to review the list of design considerations listed below.

As a team, begin working on construction of the initial AEV concept design. A fully
constructed vehicle should be completéy Lab 03: Concept Screening and Scoring
NOTE:Do NOTmount the motors and Arduino controller unéfter Lab 02:Arduino

Programming Basicé KSa S O2YLRySyida oAttt 06S ySSRSR

Design Considerations

1.

No gk~ wdN

Review theMission Concept Revie(MCR)for details of the operational requirements
of the AEV.
NO METAL IS TO COME INTO CONTACT WITH THE AEV CONTROLLER BOARD.
The AEV must traverse forward and backwards.
Energy usage should bammized (weight, aerodynamics, etc.).
How many motors should be used and where should they be placed.
What propellers should be used provided in the AEV Kkit.
How can the vehicle be designed to handle variances in the track. (i.e., track
independence; slight uphill, downhill variations may cause coasting)
Bonus:For all propellers there is a right and wrong way to orient the propeller. Rule of
thumb is when looking at the propeller (i.e. AEV) from the front:
a. The propeller number designation shouldvisble.
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b. The propeller should be rotatimpunterclockwise.
Why is this important? Refer tdigure7. Is the motor/propeller placement good for
traversingforward AND backwarel

TLE AEV coveerr L o |NAME ¢ wzTFrEL bwe |
- NI 17 M - | INSTR TABLE _ HOUR

Figure7: Example AEV Concept Sketch (Nigtawk)

23



ADVANCED ENERGY VEHICLE Lab 01: Creative Design Thinking

Executive Summary
(Due Lal02: Arduino Basics)

Write an Executive Summary with formatting darcontent highlighted in the Technical
Communications Guide unddxecutive Summagjor specifics.This summary is to be done as
a team with the exception of the individual concept sketckas seen in bullet point number
three below).

In addition to the requirements listed in the Technical Communications Guides, be sure to
briefly address the following questions. Answer within the summary and be sure not to use
numbers or bullets.

1 (QUESTION 1provide descriptions of thenain features and motivations of each
individual design. Describe how the designs difterthe teamand how that change will
AYLINREGBS 2NJ KAYRSNJ GKS 19204 | 0Af AMisgionii2 O2)
Concept RevieWfMCR). Are there any specific design features that will aid in any
component of completing the Mission Concept RevieWere there any sgcific
techniques used for the brainstorming session of the lab?

1 Provide each individual concept sketcRach sketch needs to be haddawn in the 3
primary orthographic views with overall dimensions, scale, estimated weight, and an
estimated Bill of Mterials with the estimated cost of each part us@dfer to the AEV
kit checklist for AEV parts costDo not forgeto fill out the title block Orthographic
paper is located ilppendix A Creative Design Thinking Technigues

1 (QUESTION B rovide the descriptions of the main materials used in each individual
design. Discuss how this will determine the characteristics of the final design. Will
there be parts that will need to be fabricated bought (3D printedlaser cut, and store
bought materials)?

1 Use the individual concept sketches and the discussion and create a team concept
sketch (with 3 primary orthographic views with overalimensions, scale, estimated
weight, and an estimated Bill of Materials with the estimated cost of each part)used
that will be used in Lab 03.
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Lab 01: Creative Design Thinking

Grading Rubrig Lab 01: Creative Design Thinking

Instructor:

GTA: Group:
Content
Purpose Background
5 Good / restated 5 Complete
3 Poor/ copied 3 Incomplete / not specific
0 Lacking 0 Missing

Objectivity

Objective results

% Some subjectivity
%\ 0  Mostly subjective
g Question X How Designs Differ Question Z; Change Improve/Hinder
Ug) 3 Justified with data and theory 3 Justified with data and theory
_g 2 Justified, incomplete data or theory 2 Justified, incomplete data or theory
§ 1 Not fully reasoned / verified 1 Not fully reasoned / verified
u>j 0 Missing 0 Missing
Conclusions Team Concept Sketch
5 Relevant & supported 6 P.roperly dimensioned, title box filled ou
bill of materials, and cost
3 Unsupported / irrelevant 4 Lacking few components
2  Very lacking Missing majority of components/poor
0  Missing 0 Missing all components

Content Total

25
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Lab 01: Creative Design Thinking

Format & Language

- Content

E» Appropriate content

é 2 Excess content / vaguetails

Vast excess content / content very vague
& 9 Labels Referencing
% $ | 3 All present with good label descriptions 3 Well referenced & described in body
|22 Some missing groor descriptions 2 Poor descriptions and/or references
1 o
o Missing or no description 0 Missing references
_ Errors
S 3 -
S £ Fewer than 2 mistakes
8 L 2 H Tnpstakes
More than Smistakes
Brevity Clarity Flow

) -

5 | 4 Concise 3 Clear 4 Smooth

S 2 Some wordy areas 2  Few parts confusing 2 Few disjointed parts

) 1 Very wordy 1 Many parts confusing 1 Many disjointed parts

0 Exceedinglyqor 0 Confusing overall 0 Very disjointed

Professionalism Tense / Person

g’ 3 Noslang, jargon, etc. 3 No slips in tense/person
_g’ 2 Some slips in professionalism 2 1-3slips in tense/person
=< 1 Distracting / poor 1 4-8slips in tense/person

0 Exceedingly poor 0  More than 8 errors

Spelling / Grammar / Punctuation
< 4 Minor errors .-
o Writing Total
% 3 Few errors, but not distracting 9
O | 1 Distracts fronreadability
— ntent Total
0 Complete lack of proofreading 4 Content Tota

26
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Lab 01: Creative Design Thinking

Individual Content

Sketch Title Box Bill of Materials
A Dimensioned, Name, scale, title, date, Parts with  bubbled
Top/Right/Front View, an instructor's name, tean locations on sketch, cog
orthographically aligned letter and weight of each part
§ Lacking few dimension Lacking one of the titlg Missing one of the abovi
._Z_<; % not aligned box labels features 15
c 2 ;
8_ % Poor / missing a view(s) Lacking 2+ title box labelg Poor / Lacking Hard
a o follow
< g A
O Exceedingly poor / missin Very poor / missing Missing
Student Name: Total /80
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Individual Content

Sketch Title Box Billof Materials
B Dimensimed, Name, scale, title, date Parts with  bubbled
7  Top/Right/Front View, an{ 4 instructor's name, team 4 locations on sketch, cog
orthographically aligned letter and weight of each part
%_.’: 5 Lacking few dimensions 3 Lacking one of the title 3 Missing one of the abov
._Z_i (—\f) not aligned box labels features 15
c .
i P Lackl H
8_ % 3 Poor/ missing a view(s) 2 Lacking 2+ title box labels 2 oor / Lacking Hard t
o O follow
< € B
O 0 Exceedingly poor / missinf 0  Very poor / missing 0 Missing
Student Name: Total /80
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Individual Content

Sketch Title Box Bill of Materials
C Dimensioed, Name, scale, title, datg Parts with  bubbled
7  Top/Right/Front View, an{ 4 instructor's name, tean 4 locations on sketch, cog
orthographically aligned letter and weight of each part
% 5 Lacking few dimensions 3 Lacking one of the title 3 Missing one of the abov
._g (_\,c) not aligned box labels features 15
[ .
s — . . . P | Lack Hard t
8_ % 3 Poor/ missing a view(s) 2 Lacking 2+ title box labels 2 oor acking - har
Q O follow
< g C
O 0 Exceedingly poor / missinf 0  Very poor / missing 0 Missing
Student Name: Total /80
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Individual Content

Sketch Title Box Bill of Materials
D Dimensimed, Name, scale, title, date Parts with  bubbled
7  Top/Right/Front View, an{ 4 instructor's name, tean 4 locations on sketch, cog
orthographically aligned letter and weight of each part
% 5 Lacking few dimensions 3 Lacking one of the title 3 Missing one of the abov
-_Z—i (—‘f) not aligned box labels features 15
c :
8_ % 3  Poor/ missing a view(s) 2 Lacking 2+ title box labelg 2 Poor / LackingHard to
o O follow
< € D
O 0  Exceedingly poor / missinf 0 Very poor / missing 0 Missing
Student Name: Total /80
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Lab 02Arduino Programming Basics
Objectives

1.

a e

Becomefamiliar with the automatic control system hardware components.
Setup theAEVsoftware.

Program the basic function calls in controlling the AEV.

Be able to upload programs on the Arduino and test.

Become familiar with troubleshooting techniques.

Lab Equiment

1.

AEVmotor mount desktop standRrovided in LabSeeFigure8).

2. AEV Controller (Provided in AEV Kkit).

3. Two Motors (Provided in AEV Kkit).

4.

5. LiPo BatteryProvided in Lab. Must check out with BHER.

USB Cablérovided in AEV Kkit).

Figure8: Motor stand with Lab 02 required equipment
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BackgroundThe AE\Controller

The AEV Controller isaistommade automatic controller and performance recorder system
featuringan off-the-shelf Arduino Nano microcontrolleand two motor chipsseeFigure9. This
aeadsSy slra RSaA3alySR G2 o6S tA3IKIG 6SAIKEG 6dno
nocHpé L Zakel ugeRof al #mpla” microcontroller with easy to use softwéia. more

details on the motherboard layout and external parts and assembly/Asgeendix B¢ AEV
Controller.

—— D)

. OSU AEUS Rev.0 PGOSOI
ANBRBINAY AAVNVaIan Y. 1] Reset Button
. y y o

- £ NIN OND 1S¥
B . e
.g d r 1

.
RDUINO,
NANO

Rxe .
% A
=»
b4

asweww@??ﬂ[‘

Start Button

On/Off

Figure9: The AEV controller with an Arduino Nano

The Arduino Nano is considered the heart of the AEV controller and will be used to control
motor speeds, the time or distance the motors run for, and recording system data (introduced
later in Lab 05: System Analysi¥. The Arduino Nano microcontroller uses the open source
Arduino Integrated Development Editor (IDE). The software is available for free at
http://www.arduino.cc.

The Arduino programming language is very similar to C or C++ syntax. There is no prior
programming experience in C or C++ is required for this profedeam of engineers has

already developed the background software required dperating the motors of the AEV and

KFgS YIFIRS AG a2 2LSNFraGAy3a GKS 1 9+ galingRey S dza
these functions is very similar syntax as it is done MATLAB.

A description of the function calls are provided belowotédNthat more function calls will be
introduced in later labs.
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Basic Function Calls
1 celeratefn,pl,p2,dd;
0 Accelerates or decelerates motor{s)from start speed (%4)1 to end speed (%)
p2 over the duration ofdt seconds.
o0 Four Arguments
A m:Motor number 1, 2, or 4 for all motors.
A pl:Start %speed(0%c¢ 1009
A p2: End % spee@¢ 10079
A dt: Timespan for celeratiorin seconds (& 10)
o Example: celerate(4,20,45,2);
A Will accelerateall motors from 20% to 45% full power in 2 seconds
o Example: celerate(2,40,0,4);
A Will decelerate motor 2 from 40% to 0% full power in 4 sesond

1 motorSpeed(n,p);
o Initializes motor(sjn at percent powerp.
o Two Arguments
A m:Motor number 1, 2, or 4 for all motors.
A p: % Spee@¢ 100)
o Example: motorSpeed(2,16);
A Sets motor 2 speed to 16% full power

1 goFor€t);
0 Runs the motor(s) at their initialized state fdir seconds.
0 One Argument
A dt: Time span irBeconds
o Example: goFor(5);
A Runs the motor(s) at their initialized stefier 5 seconds

1 brake(m);
0 Brakes motor(sin. NOTE: This does not brake the AEV.
0 One Argument
A m: Motor number 1, 2, or 4 for all motors.
o Example: brake(2);
A Cuts the power from motor 2.
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1 reverse(m);
0 Reverses the polarity of motor(s).
0 One Argument
A m: Motor number 1, 2, or 4 for all motors.
o Example: reverse(2);
A Reverse motor 2
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Lab Activity

Equipment Setup

1. Before mouning the propellerson the motors it is important to note that propellers
provide more thrust when mounted with the dull side of the propeller (the side with
writing) facing the direction the vehicle is traveling. For this lab, mount the propellers
with the dull side facing awafrom the motor casing

2. To mount the propeller on the motorglace the propeller hub flat on the tahleNow
place the motor over the propeller and push the motor spindle into the propeller. Refer
to FigurelOfor a visual representation.

FigurelO: Properly installing a propeller to the motor

3. The propeller should have a tight fit onto the motor spindfea propeller feels like it
will slide off easily notify an instructional team member for a replacement.

4. Placethe AE\controller and motors in motor stands as displayedFrigure8.

5. AEV electrical connections best practice: Motors first, battery last!

a. Never plug dattery directly into a motor. This may cause damage to the battery
FYR GKS Y2U02NJ FYyR NizAy GKS fFo F2N 0KS
unsure at first, always feel free to ask an instructional team member for help.

6. Connect motors 1 & 2. Net The motor connections on the Arduino will have male
connections.

7. Make sure the power switch on the Arduino is in the OFF position. Orient the Arduino
controller such that the red On/Off switch is on the left hand side fatingards the
user. The switclshould be all the way to the right in the OFF position.

8. Connect the battery. Note: The battery connection on the Arduino will have a female
connection
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9. AGAINDONOTEVER PLUG THE MOTOR WIRE INTO THE BATTERY WIRE.
Thesetup should look similar tBigurell.

Battery Connection

Motor 2 Connection \ s\

Motor 1 Connection

~
Figurell: Lab and AEV partssaembled

AEV&etchbookDownload
Now that the experimental setup is complete, the next step is to learn about the Arduino
software.
1. D2 G2 GKS 99L/ O2dzNA S AEWwWHa@mensudderthé Rab®St S O
web page.
2.¢6KS 19+ a2F06FNB Aa O2y il NWOKR 2@ R G KA B 2l YT 2
Sketchbookzipfolder by selecting the link and save the zip folder to a flash drive or the
Z: drive on the lab computer.
3. Unzip the folder by rightlicking on the zipped folder 7-Zip-> Extract Here.

The Arduino IDE
The Arduino IDE is an open source programming environment that will be used for

programminghe AEV controller.
1. Open the Arduino IDEfrofnG F NIi I ! £ f t NPINI Y& M NRdzA y 2
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Arduino Sketchbook Setup

In the Arduino IDEthe folder (i.e., sketchbook) location onetlttomputer must be set in the

program. Another way to think of this is an example of working in MATLAB. In order to run a

script file in MATLAB the working directory in MATLAB must first be set to the location of the
MATLAB script/function while beingused Ly G KA & fFo0o GKAa A& NBFSNN

To setup theAEV sketchbogKollow these steps:
1. Under the File menu select Preferences.
2. A separate window will appear. SEgjurel2.
3. ) YRSNJ a{ 1 Si OKabtiRezop of the Wirdow) éeft£Browse" and select the
sketchbook folder, then click ok. Note: Do not click into the sketchbook folder. Only
select the foldeby making sure the folder is highlighted).

Figurel2: Setting the Arduino Sketchbook Location
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